ABSTRACT Introduction
INTRODUCTION
Hospitalized children are often confronted with invasive procedures in a hostile environment that cause distress and pain. Distress is defined as "an organism's response to aversive internal and external stimuli and may include discomfort, anxiety, fear and pain" [1] . Pain is described as "an unpleasant sensory and emotional experience associated with actual or potential tissue damage, or described in terms of such damage" [2] . Distress and pain are important clinical problems because they result in elevated metabolism, possible deterioration of the immune system, impaired brain development, and may even affect morbidity [3, 4] . Also the number of accidental removals of medical devices and complications during invasive procedures increase when distress or pain are present [3, 5, 6] . Sedatives and analgesics are therefore needed to treat distress and pain in these patients. Sedation seeks to reduce distress, whereas analgesia aims to diminish pain. However, maintaining adequate sedation or pain relief in children is difficult, because of the wide range of ages and stages of development, and the different requirements over the course of the illness. Therefore, the accurate measurement of distress and pain is essential to establish its presence, and to monitor the effectiveness of interventions for relief and prevention. However, despite the many available scales and their potential to support daily practice, the assessment of distress and pain in children is still considered suboptimal [7, 8, 9] .
Self-report is considered the reference standard for the measurement of distress and pain in adults and verbal children. Preverbal and sedated critically ill children, however, are unable to self-report, which requires observational parameters assessed by proxies or healthcare professionals. In recent decades, a number of observational tools to measure distress and pain have been developed [10, 11] . A well-known multidimensional tool is the COMFORT scale, that was originally developed as a continuous measure of distress in ventilated pediatric patients aged from birth to 18 years [1] . The original COMFORT scale consists of 6 behavioral and 2 physiological measures. Later studies showed that the 6 behavioral items explained most of the variance in scores [12] [13] [14] [15] . For this reason the COMFORT scale was revised, resulting in the COMFORT-Behavior (COMFORT-B) scale, including only these 6 items. Literature also describes other modified COMFORT scales like the COMFORT-neo, COMFORT-without muscle tone, and the COMFORT-without blood pressure [16] [17] [18] .
Since the original development, a number of studies have described the clinimetric properties of the (modified) COMFORT scale measuring distress, sedation or pain in children of different ages, with different health conditions in different clinical contexts [13, [18] [19] [20] [21] , but formal assessment of the methodological quality of the (modified) COMFORT scale has not been performed. An in-depth appraisal on this topic is needed to support healthcare professionals to decide when the COMFORT scale can be used to obtain reliable and valid information on distress, sedation and pain, ultimately to improve treatment and outcome. Therefore, we performed a systematic review to study the clinimetric properties of the (modified) COMFORT scale as a tool to measure distress, sedation and pain in pediatric patients. 
METHODS
We used the Preferred Reporting Items for Systematic reviews and Meta-Analysis (PRISMA) recommendations for the reporting of the study [22] .
Identification of studies
A literature search was performed in Central, CINAHL, Embase, Medline, PsycInfo and Web of Science to identify relevant studies published until 1 December 2014. We used the search terms "COMFORT scale" OR "COMFORT score". No limitations were imposed on language or publication date.
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The COMFORT scale Chapter 8 Two independent reviewers (PRJ, EV or JM) screened the search results on titles and abstracts to assess which studies satisfied the inclusion criteria. This was followed by fulltext review of potentially eligible studies. The reference lists of the potentially eligible studies were hand searched to identify additional articles. Studies were included if they met the following criteria: 1. the study aim was to evaluate 1 or more clinimetric properties of the original COMFORT scale or any of the modified versions, as a tool to measure distress, sedation or pain; 2. the study population consisted of children from birth until 18 years, including premature neonates; 3. the studies were published as original articles. We decided to use the term "(modified) COMFORT" to describe collectively all versions of the scale we found in the literature. Publications were excluded if only abstracts were available, or if it concerned reviews, guidelines, descriptive studies, editorials or poster publications. Disagreements were discussed and solved with help of a third reviewer (JM, HV or EI) when necessary.
Data extraction
A structured form was used to extract data from the original studies on participants (setting, number of participants and observations, age, diagnosis and intervention), type of outcome (distress, sedation or pain), assessment procedures and results on the clinimetric properties (statistics, outcomes, subgroups analysis). Data on the clinimetric properties included reliability, validity and responsiveness. Reliability refers to the extent to which the instrument produces consistent and reproducible results. Validity is the extent to which an instrument measures what it intends to measure. Responsiveness expresses the ability of an instrument to detect change over time. The data extraction included the following sub-categories: internal consistency, interrater reliability, intrarater reliability, measurement error, content, construct, criterion validity and responsiveness. Descriptions are presented in Table 1 . Translations and transcultural validation were not assessed in this systematic review. Two reviewers (PRJ, EV or JM) extracted the data independently. Consensus was reached after discussion and consulting a third reviewer (JM or HV) when necessary. 
Reliability

Internal consistency
The extent to which the different items of a (sub)scale are correlated, thus are measuring the same construct. Reliability
The extent to which the measurement tool produces consistent and reproducible results.
Measurement error
Systematic and random error in the scores, that is not attributed to the true changes in the construct.
Validity
Content validity (including face validity)
The extent to which the domain of interest is comprehensively reflected by the items of the measurement tool. Construct validity: structural validity
The extent to which the scores of the measurement tool are an adequate reflection of the dimensionality of the construct to be measured. Construct validity: hypothesis testing
Comparing the scores of the measurement tool to scores of another measurement tool that is considered to measure the same construct (convergent validity) or a different construct (divergent validity).
Criterion validity
The extent to which the scores of the measurement tool relate with a reference standard ("gold standard").
Other
Responsiveness
The ability of a measurement tool to detect change over time in the construct to be measured.
Quality assessment
We used the COnsensus-based Standards for the selection of health status Measurement INstruments (COSMIN) checklist to evaluate the methodological quality of the studies [22] [23] [24] [25] [26] . This checklist contains separate boxes each dealing with 1 clinimetric property. Every box contains several items, assessing the design and statistical methods. The quality score is expressed on a 4-point scale: excellent, good, fair or poor. A detailed description of the COSMIN checklist can be found on the website www.cosmin.nl. Before the quality assessment a pilot was performed to obtain consistency. Therefore, 4 studies were assessed by 4 reviewers (JM, PRJ, EV and HV) independently, using the COSMIN checklist. The reviewers compared and discussed the COSMIN scores until consensus was reached on definitions and methods. Subsequently, 2 reviewers (PRJ, EV or JM) independently scored the remaining publications selected for full text assessment. The results of the quality assessment of all studies were compared and discussed between the reviewers before reaching final conclusions. The reviewers were not blinded for authors, research environment and journals.
Outcome measurements
Cronbach's alpha between 0.70-0.95, and Intra Class Correlation or (weighted) kappa of at least 0.70 were considered adequate [27] . We considered correlations lower than 0.40 poor, between 0.40-0.60 moderate, between 0.61-0.80 good and between 0.81-1.00
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The COMFORT scale Chapter 8 excellent [28] . Explained variance outcomes were recalculated by taken square roots, resulting in correlations. We considered a p value of <0.05 adequate. The results of the Rasch analysis were expressed in mean square values, which are considered adequate when ranging from 0.6 to 1.4 [29] .
RESULTS
Identification of studies
The results of the literature search and selection procedure are summarized on the flow diagram in Figure 1 . The literature search identified 747 studies. Review of title and abstract resulted in the exclusion of 39 duplicates and 659 ineligible studies. We read the full texts of the remaining 49 studies and excluded 19, because the aim of the study was not the COMFORT scale (n = 8), the articles were editorials (n = 4), poster presentations (n = 4) or implementation studies (n = 2). We could not obtain the full text of 1 additional study, and the publisher did not respond after multiple requests. After exclusion, 30 studies were eligible for further review [1, [13] [14] [15] [16] [17] [18] [19] [20] [21] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] [47] [48] [49] . 
Description of included studies
Out of the 30 included studies 20 took place in highly specialized pediatric intensive care units (PICUs) [1, [13] [14] [15] 20, 30, [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] 44, [46] [47] [48] and 6 in Neonatal Intensive Care Units (NICUs) [16-18, 31,42,43] . The remaining studies were performed in an operation room [49] , a specialized Burn Hospital [19, 45] and on a maternity ward [21] . Sixteen studies investigated the original COMFORT scale [1, 13, 21, [30] [31] [32] [34] [35] [36] [37] [38] [39] [40] 43, 46, 49] and the COMFORT-B was investigated in 8 studies [14, 19, 20, 41, 44, 45, 47, 48] . Two studies investigated both the original COMFORT scale and the COMFORT-B [15, 33] . Other modified versions were the COMFORT-without muscle tone [17] , COMFORT-neo [16, 42] and the COMFORT-without blood pressure [18] .
Distress was studied in 4 studies [1, 13, 16, 39] and 11 studies report on sedation [14, 17, 30, 32, [34] [35] [36] [37] 40, 47, 49] . All studies on distress and sedation included ventilated patients, with exception of 1 study that assessed the scale capacity to measure distress in patients receiving short term sedation during diagnostic open muscle biopsy [49] . Pain was studied in 11 studies [18] [19] [20] [21] 31, 33, 38, [43] [44] [45] [46] . Eight studies on pain included ventilated patients, who were therefore also sedated [20, 33, 38, 41, 43, 44, 46, 48] . Studies on pain included study populations with postoperative pain [33, 38, 41, 44] or procedural pain [18] [19] [20] [21] 31, 43, 45, 46] . Three studies report results on background or prolonged pain [19, 42, 45] . Four studies report on both distress, sedation and/or pain [15, 41, 42, 48] .
In all studies the mean/median age of the participants was under 4 years. The study population in 7 studies consisted of (premature) neonates [16] [17] [18] 21, 31, 42, 43] . Whereas patients with neurological impairments were excluded from most studies, 1 study investigated the clinimetric properties of the COMFORT scale to measure pain in children with Down syndrome [20] . The characteristics of the included studies are summarized in Table 2 .
Reliability
In total 18 studies report on the reliability of the (modified) COMFORT scale [1, [13] [14] [15] [16] [17] [18] [19] [20] 31, 33, 34, 38, [41] [42] [43] 47, 48] . Results on reliability are summarized in Table 3 (distress), Table 4 (sedation) and Table 5 (pain). The studies that report on more than one of these concepts are presented in both tables.
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Internal consistency
The internal consistency of the (modified) COMFORT scale measuring distress is presented in 3 studies [1, 13, 42] . These studies report a Cronbach's alpha/correlation between 0.84 and 0.99, representing an adequate internal consistency. The internal consistency was studied in different study populations: ventilated patients on a PICU and (non-) ventilated neonates on a NICU. The internal consistency of the (modified) COMFORT scale measuring sedation was studied in 3 studies [14, 15, 17] . These studies report a Cronbach's alpha between 0.76 and 0.80. The internal consistency is adequate for different study populations: (non-)ventilated patients on a PICU and ventilated neonates on a NICU. The internal consistency of the (modified) COMFORT scale measuring pain was studied in 9 studies [15, [18] [19] [20] 31, 33, 38, 42, 43] . Eight studies report a a Cronbach's alpha between 0.76 and 0.92. Again, these results represent an adequate internal consistency for different populations: (non-)ventilated patients on a PICU, (non-)ventilated neonates on a NICU and patients admitted to a specialized Burn Hospital. One study performed on a NICU found a less adequate result: correlation 0.52 [31] .
Reliability
Interrater reliability of the (modified) COMFORT scale measuring distress was reported in 4 studies [1, 16, 42, 48] . All studies report adequate interrater reliability: ICC/weighted kappa/correlation between 0.79 and 0.96 for ventilated patients on a PICU and (non-) ventilated neonates on a NICU. Interrater reliability of the (modified) COMFORT scale measuring sedation was reported in 5 studies [14, 17, 34, 41, 47] . Three studies report adequate reliability in ventilated patients on a PICU: ICC/weighted kappa/correlation 0.71 to 1.00. Two studies report less adequate reliability: 0.56 in ventilated patient on a PICU [47] and 0.63 in ventilated patient on a NICU [17] . 
Validity
In total 24 studies report on the validity of the (modified) COMFORT scale [1, [14] [15] [16] [18] [19] [20] [21] 30, [32] [33] [34] [35] [36] [37] [39] [40] [41] [42] [44] [45] [46] [47] 49] . The results on validity are summarized in Table 6 (distress), Table 7 (sedation) and Table 8 (pain). The studies that report on more than one of these concepts are presented in both tables.
Content validity
The only study that established content validity was the study by Ambuel et al. (1992) , the developers of the COMFORT scale. In this study 8 dimensions were selected from the behavioral science and medical literature, and nurses' expert opinion: mean arterial blood pressure, heart rate, muscle tone, facial tension, alertness, calmness/agitation, respiratory behavior and physical movement. The preliminary tool was tested and revised to clarify the verbal descriptions of each dimension. 
Construct validity
The included 24 studies addressing validity all compare the (modified) COMFORT scale with another measurement tool which is considered to measure the same construct. As no reference standard exists to measure distress, sedation and pain in nonverbal and sedated children, we classified this as construct validity (hypothesis testing). A variety of tools were used as comparators: the Auditory Evoked Potentials (AEP), Bispectral Index Score (BIS), Cardiac Analgesic Assessment Scale (CAAS), expert opinion, Faces Legs Activity Cry Consolability (FLACC), Hartwig scale, Numeric Rating Scale-observer (NRSobs), Nurse Interpretation of Sedation Score (NISS), Objective Pain Scale (OPS), Pain Observation Scale for Young Children (POCIS), Ramsey Score (RS), skin conductance and Visual Analogue Scale-observer (VAS-obs). Chapter 8 Construct validity of the (modified) COMFORT scale measuring distress was studied in 4 studies [1, 16, 39, 42] . Two studies show the construct validity is good for ventilated patients on a PICU with correlations between 0.68 and 0.78 [1, 39] . Studies performed with (non-)ventilated neonates on a NICU show excellent validity: correlations 0.83 and 0.84 [16, 42] .
Construct validity of the (modified) COMFORT scale measuring sedation was studied in 12 studies [14, 15, 30, 32, [34] [35] [36] [37] 40, 41, 47, 49] . Most studies show the construct validity is moderate: correlations between 0.42 and 0.59 [15, 34, 35, 37, 40, 41, 47, 48] . Three studies report good validity with correlations between 0.65 and 0.79 [30, 36, 40] . Excellent validity is reported in one study: correlations of 0.81 and 0.91 [30] . One study report a less adequate result: kappa 0.35 [32] . The results all apply to (non-)ventilated patients on a PICU.
Construct validity of the (modified) COMFORT scale measuring pain was studied in 11 studies [15, [18] [19] [20] [21] 33, 41, 42, [44] [45] [46] . Six studies report a construct validity for (non-) ventilated patients on a PICU [15, 20, 33, 41, 44, 46] . Most studies report moderate validity: correlation/kappa between 0.45 and 0.54 [15, 20, 41, 44] . One study report a poor validity with a correlation of 0.31 [44] , while in one additional study the results show an excellent validity with correlations between 0.89 and 0.90 [33] . Two studies report a moderate and good construct validity for (non-)ventilated neonates on a NICU: correlations between 0.44 and 0.74 [18, 42] . One study was executed on a Maternity Ward and presents poor to moderate correlations: 0.38 and 0.50 [21] . One study investigated the construct validity in patients admitted to a Burn Hospital and report a moderate validity for background pain, correlation 0.45, and excellent validity for procedural pain, correlation 0.88 [19] . In one study the construct validity was studied by using Rasch analysis [45] . The Rasch analysis includes characteristics of the respondents and the items on the scale, based on the idea that the probability of getting a certain response is determined by the respondents' ability and by the difficulty of the items. This study reports item difficulty between -4.53 and 2.77 logits, and infit mean square between 0.46 and 1.63, suggesting the COMFORT-B scale measures pain adequately.
Responsiveness
We identified 8 studies investigating this clinimetric property [18, 19, 21, 31, 42, 43, 46, 48] . In these studies changes of the (modified) COMFORT scores were investigated before and after painful interventions, or pharmacological interventions to relieve distress (sedatives) or pain (opioids). All studies report significant increases or decreases of the COMFORT scores according to the expectations, indicating the COMFORT scale is able to measure change. Results on responsiveness are summarized in Table 9 . Scores increased between T0 and T1, mean score difference 23 (range 13 to 30, p < 0.01).
Scores decreased between T1 and T2, mean difference 9 (range 6 to 25, p < 0.01). 
Distress and pain
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Quality assessment
The results of the methodological quality assessments are shown in Table 10 . The quality of the studies that report on internal consistency and interrater reliability varies between poor (n = 1), fair (n = 15), good (n = 11) and excellent (n = 1). The quality of the studies that report on construct validity varies between poor (n = 5), fair (n = 15) and good (n = 4). The studies that report on responsiveness are of fair (n = 2), good (n = 4) and excellent (n = 2) quality. We report concerns related to blinding, missing items and sample size.
Blinding
Blinding is important wherever items are to be compared without influences from the preferences or expectations from researchers or participants. The absence of blinding usually leads to an overestimation of the results. Blinding was a major problem in 16 studies, because the researcher, nurse or physician who rated distress, sedation or pain with the instruments under investigation were unblinded or this item was unclear described [13] [14] [15] 20, [30] [31] [32] [33] [34] [35] [42] [43] [44] [45] [46] 49] .
Missing items
A high number of missing items can introduce bias, resulting in an overestimation or underestimation in the results of the study. Therefore, the number of missing items, whether the missing items were at random and how they were handled should be described. In 21 studies the number of missing items was not mentioned, or not explained further [1, 13, [16] [17] [18] [19] [20] [21] [30] [31] [32] 34, [37] [38] [39] 41, [44] [45] [46] [47] 49] .
Sample size
An adequate sample size is important to make inferences about a population from a sample. Small sample sizes generally lead to imprecise results. Following the criteria of Mokkink et al. (2013) we considered a sample size of less than 30 poor and a sample size over 100 excellent. In total 5 studies resulted in low scores on this item [16, 17, 32, 39, 46] . 
DISCUSSION
In this systematic review, we studied the clinimetric properties of the (modified) COMFORT scale as a tool to measure distress, sedation and pain in children from birth to 18 years old. We included 30 studies that report on the reliability, validity and/or responsiveness. These studies report overall an adequate reliability for distress, sedation and pain. Construct validity varies from good to excellent for distress, from moderate to excellent for sedation and from poor to excellent for pain. Finally, the COMFORT scale shows adequate responsiveness, regardless of the construct it is being claimed to measure. None of the included studies resulted in high quality scores on the clinimetric properties under consideration, according to the COSMIN criteria.
Distress and pain are difficult to discriminate; these experiences may occur simultaneously, influence each other and present with comparable responses. Pain frequently results in distress, however distress may have causes other than pain. Despite their close association, distinguishing between the two is clinically important as they are treated differently. Unfortunately, up to date there is no tool (either physiological or behavioral) available that is able to differentiate between distress and pain.
The COMFORT scale was originally developed as a continuous measure of distress in children aged from birth to 18 years receiving ventilation in an intensive care environment. Studies from later date confirmed the validity of the COMFORT scale for this originally intended population and clinical context. This systematic review also presents studies that investigated the validity of the (modified) COMFORT scale in the assessment of sedation. Although distress and sedation are not the same, it can be argued these concepts are in the same continuum. Most studies on sedation included ventilated children in an intensive care environment, as in the studies on distress. The studies on sedation report a construct validity between moderate and excellent, suggesting the COMFORT scale might be helpful in the assessment of sedation. Other studies investigating the clinimetric properties of the (modified) COMFORT scale focus on pain assessment. The COMFORT scale was not developed to measure pain, but it is obvious that distress and pain are related, which is reflected in the similarity of the content of pain instruments and the (modified) COMFORT scale. The studies that compare the (modified) COMFORT scale with a pain measurement tool are executed in patients with different health conditions and in different clinical contexts. For example, some studies on pain included ventilated patients, who were therefore also sedated. The variety in the results suggest the (modified) COMFORT is less capable in the assessment of pain, but the heterogeneity in patient population and circumstances hampers clear conclusions.
There has been debate about the relevance of physiological parameters in assessing distress, sedation and pain. The original COMFORT scale combines behavioral and physiological items. Behavioral parameters (e.g. body movement, facial expression) rely on subjective observations and interpretations and are therefore questioned. Physiological parameters (e.g. heart rate, blood pressure) might be more objective, but are often influenced by the disease and medical interventions. Heart rate and blood pressure were removed from the original COMFORT, as they have been shown to have low item total correlations, indicating the internal consistency would improve if these items were excluded [13] [14] [15] 33] . On contrary, other studies investigating the COMFORT scale show a combination of behavioral and physiological items is preferable, because both account for a significant proportion of the variance in scores [12, 43] . Furthermore, the correlation between physiological and behavioral items improved with a higher intensity of pain, suggesting a combination of both dimensions is more useful to diagnose severe, but not moderate pain [12] . Up to date, the correlation between behavioral and physiological variables remain an imperfectly solved problem. Therefore, in daily practice a careful interpretation of all information on the patient's situation is considered essential. For example, information on disease, treatment or previous experiences of the patient might be valuable for an accurate assessment of distress and pain [10, 50] .
In this review, the COSMIN checklist was used for the assessment of methodological quality [26] . This checklist became available for researchers in 2010. Most publications in this review are from earlier date, and were not guided by the suggestions and explanations the COSMIN offers. This might explain the limited studies with good or excellent quality scores in this review. A formal assessment to study the relationship between the quality rates and results does not exist and visual inspection did not reveal any relationship between the quality of the studies and the magnitude of the results. Therefore, we decided to present all selected studies in this review, also the ones with low quality scores. However, it must be kept in mind a low quality score represent a high risk of bias, meaning there might be an important flaw in the study that might have resulted in an underestimation or overestimation of the results. Unfortunately, it is impossible to estimate to what extent the risk of bias affect the results of a particular study.
The included studies were clinically and methodologically heterogeneous. We found differences in the age of the included patients, reasons for admission and treatments. In addition, different primary endpoints were reported (distress, sedation and pain) and the clinimetric properties of the COMFORT scale were studied using different comparators, methodology and statistics. As a result of this heterogeneity, data synthesis was impossible.
This review identified a considerable number of studies on the clinimetric properties of the (modified) COMFORT scale. Still, more research is needed. Firstly, additional studies are warranted for specific patients, like children with neurological impairments and physically or mentally disabled children as they are excluded from studies so far. Also studies that include children older than 4 years are limited up to date. Secondly, studies that investigated the validity of the (modified) COMFORT scale show mixed results, especially in identifying pain. Therefore, more studies of high quality are needed to establish the validity of the COMFORT scale in measuring pain. Finally, more research on the responsiveness is needed to investigate the ability of the COMFORT to measure changes at the extremes of distress/sedation or pain.
CONCLUSION
The COMFORT scale shows overall an adequate reliability in providing information on distress, sedation and pain. Construct validity varies from good to excellent for distress, from moderate to excellent for sedation, and from poor to excellent for pain. The included studies were clinically and methodologically heterogeneous, hampering firm conclusions.
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